An extract of the roots of Angelica dahurica BENTH. et HOOK. (Umbelliferae) showed potential tyrosinase inhibition against mushroom tyrosinase. Employing a bioassay-linked HPLC method, followed by semipreparative HPLC, the active principle was isolated and characterized as 9-hydroxy-4-methoxypsoralen.
Tyrosinase (EC 1.14.18.1), the rate-limiting enzyme, catalyzes the conversion of tyrosine to 3,4-dihydroxyphenylalanine (L-DOPA) and further oxidizes it to dopaquinone, which is used for the ultimate formation of melanin. 1) Melanin formation is the most important determinant of the color of mammalian skin. Consequently, inhibiting the formation of melanin may result in a reduction in skin darkness. Therefore tyrosinase inhibitors may have potential for treating abnormal pigmentation disorders and for use as skin-whitening agents in the cosmetic industry.
Several tyrosinase inhibitors, including arbutin and kojic acid, had been widely used for the purpose of skin whitening, especially in Northeast Asia. 2, 3) Some plant extracts, such as Glycyrrhizae radix and Morus radix, have also been used. However, there is always a need for new skin-whitening agents. During our continual search for new tyrosinase inhibitors, 4, 5) we have found that the ethyl acetate extract of Angelica dahurica has potent inhibitory activity against mushroom tyrosinase. Thus the tyrosinase inhibitory principle was isolated and identified using the bioassay-linked HPLC method.
MATERIALS AND METHODS
General NMR spectra were measured on a Bruker Avance 500 spectrometer (Bruker, Ettlingen, Germany, 500 MHz for 1 H). The EI-MS was recorded on a Jeol JMS-700 mass spectrometer (Jeol, Tokyo, Japan). HPLC/MS chromatograms and spectra for dereplication were measured on a Finnigan LCQ TM mass spectrometer (ThermoQuest, San Jose, CA, U.S.A.) coupled with a Hewlett Packard HPLC HP1100 system. LC/MS conditions were as follows: capillary temperature, 250°C; damping gas, helium; sheath gas (N 2 ) flow, 80; auxillary gas flow, 20 arbitrary units; source voltage, ϩ4.5 kV; capillary voltage, ϩ13 V; and tube lens offset, ϩ20 V. Analytical and semipreparative HPLC were performed on a Gilson chromatograph equipped with a Gilson pump 321 and a Gilson UV/VIS-155 detector set at 230 nm. The fraction collector was purchased from Gilson (U.S.A.). Analytical (RP-18, 5 mm, 250ϫ4.6 mm and RP-18, 5 mm, 150ϫ3.00 mm) and semipreparative (RP-18, 5 mm, 250ϫ10 mm) columns (Phenomenex, U.S.A.) were used throughout this study. Mushroom tyrosinase and L-tyrosine were purchased from Sigma Chemical Co. (St. Louis, MO, U.S.A.).
Plant Material A. dahurica (Umbelliferae) was purchased at an herbal market in Korea. The dried roots (1 kg) were refluxed with ethyl acetate for 3 h. The organic solvent was removed in a vacuum to supply give 70 g of ethyl acetate extract.
Bioactivity-Guided Fractionation and Isolation A portion (50 g) of the ethyl acetate extract was chromatographed on a silica gel column chromatography using a stepwise gradient elution with hexane/ethyl acetate (5 : 1-0 : 1). Seven fractions were obtained. The tyrosinase-inhibitory activity was concentrated in fraction five. Ten microliters of fraction 5 (100 mg/ml) was injected onto an analytical ODS column (5 mm, 250ϫ4.6 mm). A gradient elution system of CH 3 CN and H 2 O from 30% CH 3 CN (0 min) to 80% CH 3 CN (30 min) was applied at the flow rate of 1 ml/min. The column eluate was collected using a fraction collector at 300 ml/well in 96well plates. The solvent in each well was removed in a vacuum oven, and the residue in each well was tested for tyrosinase-inhibitory activity. Bioassay-linked HPLC/MS indicated that the peak appearing at 10 min is responsible for the observed activity. This compound was isolated using semipreparative HPLC using CH 3 CN-H 2 O (40 : 60). The chemical structure of the compound was identified as 9-hydroxy-4methoxypsoralen (1) (Fig. 1 ) based on the spectral results. 6, 7) 9-Hydroxy-4-methoxypsoralen (1) Tyrosinase Assay Oxidation of L-tyrosine by tyrosinase was spectrophotometrically determined as described previously, with minor modifications. 8) Forty microliters of mushroom tyrosinase solution (60 units/ml), 40 ml of 0.1 mg/ml Ltyrosine in 1/15 M potassium phosphate buffer (pH 6.8), 80 ml of 1/15 M potassium phosphate buffer (pH 6.8), and 40 ml of 5% DMSO solution were added to each well of 96-well microplates. In the assay using purified compound, 40 ml of sample in 5% DMSO solution was added instead of 40 ml of 5% DMSO solution. The assay mixture was incubated at 37°C for 30 min. Instead of a sample in 5% DMSO solution, 5% DMSO solution was added to a blank solution. Before and after incubation, the amount of dopachrome produced in the reaction mixture was measured at 475 nm using a microplate reader. The percentage of inhibition of tyrosinase activity was calculated as follows:
Where A is the absorbance of blank solution after incubation, B the absorbance of blank solution before incubation, C the absorbance of sample solution after incubation, and D the absorbance of sample solution before incubation.
Kinetic Study Inhibition kinetics were studied using the Lineweaver and Burk (double-reciprocal) plot method. 9) The experiments were carried out with the same protocol used in the tyrosinase assay, except for the concentration of L-tyrosine. The reaction velocities (V) were measured with (1.0, 4.0 mM) and without an inhibitor on the linear part of the kinetics (initial rates), where the amount of substrate is not the limiting parameter. The results were analyzed according to the Lineweaver and Burk plot method that allows the determination of the Michaelis constant (K m ) and maximum velocity (V m ). The inhibition constant (K i ) was calculated as follows:
where [I] and [S] are the concentrations of inhibitor and substrate, respectively.
RESULTS AND DISCUSSION
The EtOAc extract of the root of A. dahurica showed in- hibitory activity against mushroom tyrosinase. The active principle was investigated using a bioassay-linked LC-MS dereplication process. Figure 2 shows the HPLC chromatogram of fraction 5 of the EtOAc extract detected at UV 230 nm, the mushroom tyrosinase inhibitory activity profile, the positive total ion chro-matogram, and the selective ion-monitoring chromatogram at m/z 233. Strong tyrosinase-inhibitory activity was observed from the eluate at 9.5 min (Fig. 2) . LC/MS with positive electrospray mode showed its [MϩH] ϩ at m/z 233 (Fig. 2) . The active principle was further purified using semipreparative HPLC and its structure was elucidated to be 9-hydroxy-4methoxypsoralen based on its UV, IR, mass, 1 H-NMR, and 13 C-NMR spectra. 6, 7) The IC 50 value for 9-hydroxy-4-methoxypsoralen was 2.0 mg/ml (Fig. 3) , while those of kojic acid and arbutin were 12.8 and 178 mg/ml, respectively. Arbutin and kojic acid are tyrosinase inhibitors. 2, 3) In particular, arbutin is widely used as whitening agent in cosmetics and was reported to inhibit the enzyme activity competitively. 9) The mode of inhibition of 9-hydroxy-4-methoxypsoralen was studied using L-tyrosine as a substrate. The Lineweaver-Burk plot 9) showed that it inhibits tyrosinase activity in a noncompetitive manner, with a K i value of 10 mM (Fig. 4 ). 
